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Abstract 
In order to insure the accuracy of steam turbine thermal test in power plant, the flowrate measurement accuracy of 
condensate water should be insured. In this paper, the portable and integrated type flow measuring device for 
condensate water of 300MW steam turbine flow is designed, which is based on the condensate water parameters and 
the specific pipeline conditions at the exit of the No. 5 low pressure heater for 300MW unit. A integration of non-
standard differential pressure orifice flow meter is designed in this paper Through calibration in standard 
experimental system, the reason of the large error is that the flow field is disturbed by the origin plate type downward 
welding connecting flanges. Then the welding neck flanges is designed for the connecting flanges. The distribution of 
connecting flanges of flow field is weaken, and the measurement accuracy can meet the demand of steam turbine 
thermal test. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1.Introduction 
Steam turbine thermal test is one of the most powerful tools to identify the heat economy of steam 
turbine. Through steam turbine thermal test, heat rate and achieve evaluation on economic performance of 
steam turbine can be acquired. Most commonly, the newly-built unit and unit after technological upgrading, 
unit before and after overhaul shoud be tested and analyzed on economic performance of steam turbine. 
Considering the factors such as the loss of throttling, the flow measurement device shoud not be 
installed to measure the main steam flow of steam turbine, the steam flow of each regenerator extraction as 
well as heated steam flow. In the whole steam circulatory system, only the flow of feedwater and the flow 
of condensate The flow measurement device of feed water is situated behind feed pump, bearing a 
relatively high pressure. Welding is a more common way of joining the flow measurement device of feed 
water and main feed water pipe together, will bring some difficulties when standardize the flow 
Available online at www.sciencedirect.com
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Hainan University.
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
914   Yong Li and Jia-yong Wang /  Energy Procedia  17 ( 2012 )  913 – 919 
measurement device of feed water. And the flow measurement device of condensate water is situated 
before feed pump, bearing a relatively low pressure. Adopting the connection of flange and condensate 
pipe, standardizing the flow measurement device of condensate wate will more convenient. Currently, the 
required feed water flow and main steam flow as well as reheated steam flow of steam turbine thermal test 
are obtained indirectly via measuring condensed water flow. Therefore, condensed water flow is the most 
important and basic measurement in steam turbine thermal test. The measurement accuracy directly 
influences the accuracy of steam turbine thermal test, the economy situation of steam turbine operation. In 
other words, enhance the measurement accuracy is an important stage in steam turbine thermal test and 
saving energy and lowing consumption. 
According to standard ASME, high precision difference pressure elements should be adopted to do 
high precision flow measurement. Available flow measuring device of condensate water are mostly 
implemented in standard orifice meter, which features high measuring accuracy, wide application area, low 
prices. Its installation locates before the deaerator or the export of condensate pumps generally. But 
traditional difference pressure flow meter has dissipative structure, needs fitted in the high standard, 
possesses neither coaxial nor vertical throttling element, besides the size of throttling accessory or annular 
chamber produce steps and eccentric. All those factors make the discharge coefficient out of standard value, 
influence measuring accuracy subsequently. According to the regulations of GB2624-81, orifices should be 
centered with the straight length of throttling device accurately, The measurement error caused by orifices 
eccentricity within 2% in paper [1], and eccentricity has greater influence while aperture ratio changes. 
Meanwhile, due to faulty design and assembly, it makes orifices bend or give way, leads to the errors of 
flow measurement dates bigger. The maximum error is about 3.5% by bending orifices. Thus, remark it to 
improve the precision of measuring further before used. But it could only calibrate throttling element in 
itself instead of differential pressure transmitters and throttle molds, the flow measurement error is caused 
by the measurement error of differential pressure transmitter during the performance of the actual flow 
measurement work on site. 
Currently, for resolving the deficiency of existing orifice meter, there are extensive documentation such 
as in [3, 4], searching for promising ways to improve the precision. But all present reference increase the 
precision of instrument accuracy by enhancing the quality of installation and eliminating installation errors. 
These literature puts forward some solutions, but not find the solutions to solve the low precision of 
orifice meter fundamentally. As shown in [5], adopting the integrated type flow measuring device is the 
prime means to overcome the short of existing orifice meter. The integrated type flow measuring device is 
a complete flow measurement, which consists of throttling device, differential pressure transmitter flow, 
and display device. Throttling device and differential pressure transmitter are maked an integral whole, 
installation accuracy of throttling device and lows breakdown rates are guaranteed, the dynamic 
characteristics is improved. Differential pressure flow meters has reached a higher stage of development, 
because a variety of modern technologies such as fixed throttling device, a new type of differential 
pressure transmitter, flow display device, computer software and advanced processing technology are 
assembled. 
In this paper, the portable and integrated type flow measuring device is proposed, considering that 
orifice meter of steam-turbine condensate water is inconvenient on line calibration in existing plants. It is a 
complete flow measurement, which consists of throttling device, differential pressure transmitter flow, 
display structure. Meanwhile, for carrying it, the integrated type flow measuring device self-contains 
straight pipe about 3D and 2D separately before and after it, welded flange to pipelines is connected by 
neckband in order to reduce the effect of flange to orifice. The design of the portable and integrated type 
flow measuring device is helpful for Electric Power Test and the Research Department to do steam turbine 
thermal test. Through the calibration, results show that the portable and integrated type flow measuring 
device has high precision, can meet the need of the measuring precision in steam turbine thermal test easily. 
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2.The Design of the Portable and Integrated Type Flow Measuring Device 
When the standard throttling device is designed, manufactured and used, the technical conditions 
based on international standards ISO5167, ISO9300 and state standards GB/T2624-2006 are adopted. The 
standard throttling device is composed of three parts: standard throttle element, a standard way for tapping, 
the device of tapping and pipeline conditions around throttling device, can be used without error calibrate 
and the flow coefficients. All that can not meet the above three conditions, are called non-standard 
throttling device. In this paper, the portable and integrated type flow measuring device for condensate 
water of 300MW steam turbine flow is designed, which is based on the condensate water parameters and 
the specific pipeline conditions at the exit of the No. 5 low pressure heater for 300MW unit, as shown in 
Fig. 1.  
Joint flange Standard thorrtlin element Joint flange
3D 2D
Figure 1. The portable and integrated type pore plate flow measuring device 
The orifices which aperture ratio E is 0.640439, the standard orifice flow-meter is adopted. The width 
of standard throttling orifice device to the straight pipe of connecting flange is about 3D and 2D in length 
before and after it respectively. The straight pipe of upstream and downstream in connecting flange is 
about 15D and 6D in length respectively in the actual installation process. With connecting flange between 
upstream and downstream of the straight pipe, the portable and integrated type flow measuring device 
belongs to non-standard throttling device, real-flow calibration is demanded. 
3.Calibration of the Portable and Integrated Type Flow Measuring Device 
3.1.Brief Introduction about Standard Calibration 
In the process of the calibration experiment , the flow measurement device of Chang Chun was 
adopted. As the following shown in Fig. 2.  
Hydraulic
  system
 Control and date
processing system
Tested flowmeter
no less than 200DN
Tested flowmeter
    above 200DN
Standard volume pipe
 Standard
flowmeters
Figure 2. The block diagram of nominal flow measurement system 
916   Yong Li and Jia-yong Wang /  Energy Procedia  17 ( 2012 )  913 – 919 
The system is mainly constituted of hydraulic system, standard volume pipe, standard flow meter 
group, calibration tables, control and data handling system. 
The piston volume tube S-25 of US Gary Brown company is introduced in standard volume pipe. Its 
measure ratio is 1200:1, flow measuring ranges from 0.48 m3/h to 567 m3/h, the reproducibility isf0.01%, 
the measurement accuracy is f0.05%. Three set of parallel connected high accuracy calibration system K-
2D from US Smith Corporation for turbine flow meters are introduced in standard flow meter group, as a 
measure of flow work. Its flow measuring ranges from 80 m3/h to 1500 m3/h, the reproducibility is 0.02%, 
the measurement accuracy is f0.01%. It can be used in both standard volume pipe and flow meter as a 
measure of flow work when overlapped flow is 80 m3/h to 567 m3/h, which one is applied depends on the 
specific range of flow calibration of the given flow meter. 
3.2.The Calibration of the Portable and Integrated Type Flow Measuring Device 
In the calibration experiment, the integrated type flow measuring device and the flow meter 
standard device are linked by the standard welded flange, the straight pipe of upstream and downstream 
is about 15D and 6D in length respectively in the actual installation process, which is approximately 
identical to the actual situation of 300MW steam turbine. Considering that the maximum condensed 
water flow of 300MW steam turbine is 770 m3/h, do steam turbine thermal test under the peak electrical 
load or the certain variation scope of condensed water flow. The flow scope of the calibration 
experiment is 500-1000 m3/h. Through experiments, obtained database about the calibration of the 
portable and integrated type flow measuring device as shown in Tableĉ.
TABLE I. THE CALIBRATION RESULTS FOR THE INTEGRATED TYPE FLOW MEASURING DEVICE 
Standard 
flow(m3/h)
The actual 
Differential
Pressure (kPa) 
The actual 
Flow(m3/h)
The relative 
Flow error 
Discharge
 coefficient 
Repetitiveness 
501.01 21.4617 480.52 -4.09% 0.630238 1.43% 
600.21 31.2618 579.94 -3.38% 0.625576 1.04% 
700.26 42.6202 677.15 -3.30% 0.625087 1.21% 
760.53 50.6752 738.37 -2.91% 0.622597 1.28% 
800.96 55.631 773.63 -3.41% 0.62568 1.42% 
900.06 70.9143 873.46 -2.95% 0.622861 1.27% 
1003.42 87.6836 971.26 -3.21% 0.624463 1.10% 
From the above Tableĉ, the maximum error of the portable and integrated type flow measuring 
device has reached 4.09%, no longer able to meet the demand of steam turbine thermal test. Greater flow 
rate measurement error is caused by comparing installation requirements of the standard orifice flow meter 
and creating vortexes around connecting flange which the straight pipe is 3D and 2D in length before and 
after throttle element. The flow field of the internal fluid is changed, which will affect the differential 
pressure measurement of throttle element. 
Therefore, the influence of connecting flange to the flow field of the internal fluid should be 
eliminated, and find out some methods to solve the problems. 
3.3.The Structural Analysis of Connecting Flange 
The drawbacks of length insufficient in the straight tube of the standard throttle element are discussed 
and researched in different literature and various materials.
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Welding
Figure 3. The plate type downward welding flange 
A series of the standard nozzle flow meter is adopted to demarcate the real-flow of orifice meter in [7]. 
The method of integral demarcating is applied, the discharge coefficient of flow meter is obtained as 
shown in [8]. But it is limited practically without being implemented for the straight tube. An inner flow 
meter is applied to solve the straight tube insufficient length problem in [9]. But this flow meter will have 
great impact on measurement results when an improper cone angle is adopted in [10]. 
Here, a method of improving the flange connection structure is adopted in order to minimize the 
measurement error. In the condensate water system of 300MW steam turbine, welding plate flange is used 
as the connection types of condensate water pipes, as seen in the Fig. 3. Its nominal diameter(DN) is 
300mm, nominal pressure(PN) is 1.6Mpa, internal diameter is 328mm, and the thickness of the flange is 
32mm. Meanwhile, the diameter and external diameter of 300MW steam turbine’s condensate water pipes 
is 309mm, 325mm respectively, and that concave station width 24mm, 19mm deep will be appeared in the 
flange connecting. 
As seen in Fig. 3, when concave station is recommended in the flange connecting, the fluid 
distribution of the internal fluid is changed, the pressure and velocity distributions of the internal fluid is 
changed, the differential pressure measurement of the non-standard throttle element  is affected ultimately.
3.4.Development of Flange Connecting 
Traditional flanges have great influence on the flow field of the internal fluid. The new kind of 
welding neck flange is able to reduce the influence, which has minimal impact, or even eliminate the 
influence on the flow field of the internal fluid at connecting flanges, as shown in Fig. 4.
Figure 4. The welding neck flanges 
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Do oxygen cutting on conventional connecting welding plate flange, grind the cut grooves and keep it 
one plane after cutting. And then, do welding on the newly devised welding neck flange, maintain the 
centerlines of welding neck flange consistent with the pipe's axis during the welding process of the newly-
devised welding neck flange. 
Conduct the calibration experiment on the improved and integrated type flow measuring device 
repeatedly, to verify the influence of the flange connection to the portable and integrated type flow 
measuring device. Obtain its calibration database as shown in the TableĊ.
TABLE II. THE CALIBRATION RESULTS FOR THE INTEGRATED TYPE FLOW MEASURING DEVICE WITH THE
WELDING NECK FLANGES 
Standard 
flow(m3/h)
The actual 
Differential 
Pressure (kPa) 
The actual 
Flow(m3/h)
The relative 
Flow error 
Discharge
 coefficient 
Repetitiveness 
501.75 21.9127 498.49 -0.85% 0.609618 0.42% 
600.25 32.9817 595.73 -0.75% 0.60904 0.40% 
700.36 44.9271 695.23 -0.73% 0.608983 0.45% 
760.54 53.0472 755.45 -0.68% 0.608508 0.41% 
801.14 58.8217 795.51 -0.70% 0.608699 0.34% 
900.34 74.3628 894.44 -0.66% 0.608417 0.36% 
1003.27 92.3087 996.54 -0.67% 0.608513 0.42% 
TableĊ indicates that, the max discharge error when used the improved and integrated type flow 
measuring device is 0.85%, can meet the demand of steam turbine thermal and routine test, which the 
errors of condensate flow measurement is less than 1% in [11]. Largely as a result of applying the welding 
neck flange, the internal flow field of the upstream and downstream orifices is improved, the measured 
differential pressure around the orifices is more like the standard differential pressure of the standard 
orifice throttling device in straight length. 
4.Conclusions 
This paper analyzed the portable and integrated type flow measuring device, we can get main 
conclusions as following: 
y Connecting flange, at length ups to 3D and 4D from upstream and downstream of standard orifice 
plates, is installed in the portable and integrated type flow measuring device. Then, the straight pipe 
of upstream and downstream of standard orifice plates became smaller, vortexes is created around 
connecting flange, the flow field of the internal fluid is changed. 
y    The calibration experiment of the portable and integrated type flow measuring device shows that the 
differential pressure of the standard orifice throttling device gets smaller, the discharge coefficient 
becomes bigger subsequently. The maximum flow measuring error reachs 4.89%,seriously 
influences the measuring precision of orifice flowmeter. 
y    Through the improvement of connecting flange of the portable and integrated type flow measuring 
device, the maximum error of the portable and integrated type flow measuring device can reach 
about 0.85%. By applying the welding neck flanges instead of the origin plate type downward 
welding connecting flang, it can meet the demand of steam turbine thermal test. 
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